Introduction
Two general conclusions are warranted as to the sulphur metabolism and nutrition in animals. The first is that although most of the sulphur taken into the system is in the reduced form, that is, mainly as cystine or possibly also as cysteine, nevertheless the main end product of normal sulphur metabolism is the completely oxidized sulphate form. This is well established by numerous investigations. The other important conclusion is that cystine is a very important amino acid in growth and maintenance.
Recently the importance of sulphur in nutrition of plants has also been so well shown that the use of sulphates in fertilizers is emphasized. ARMSTRONG (1) also studied the effect of various sulphur compounds in the development of Aspergillus niger, Penicillium glaucurn, and Botrytis cinerea. He concluded that the best form of food sulphur is sulphate, and that even here the end product of sulphur metabolism is the sulphate form.
Recent studies (7) in this laboratory indicate that cystine also may be of some importance in yeast growth and that studies on yeast, when properly controlled, may throw more light on certain phases of metabolism. The object of this investigation was to determine more definitely the forms of sulphur available for yeast growth, and to investigate further the changes cystine undergoes in yeast growth and metabolism.
In all the studies here reported the concentration of the yeast growth stimulant was carefully controlled just as in the work by MILLER (5) and SWOBODA (7) . In the first part of the work various forms and amounts of sulphur, as found in biological material, were added to an artificial medium containing a known, but very small amount of sulphur, and the rate of yeast growth determined by the weighing method. In the second part of the study the yeast was separated and analyzed for sulphur, and the filtrate analyzed for total sulphur and for "inorganic sulphate." was added to 500 cc. of medium no. 6 and the sulphate, cystine and total sulphur determined in the original medium and in the filtrate after growth. The cystine was determined by the phosphotungstic acid precipitation method as employed in the VAN SLYKE procedure for protein analysis.
The results are given in table XII.
Discussion of results A comparison of tables III and IV first of all shows the stimulating action of increased amounts of vitamine under otherwise constant conditions. Both of the tables very clearly show the value of both magnesium and sulphate in yeast growth; and it is particularly noteworthy to observe that in the presence of a liberal supply of the growth-stimulating vitamine, the effect of the same addition of magnesium and sulphate is eight to ten times that observed with a low vitamine content. The results also show that the optimum concentration of magnesium is very soon attained even where growth is extensive as shown in table III. An addition of magnesium beyond that amount neither improves nor injures the medium, no matter whether the vitamine concentration is low or high. The same general conclusions hold for sulphate. Comparison of no. 4 
and no. 3 in table III
very strikingly shows how much more important magnesium is in this medium than the ammonium. Calcium does not appear to be nearly so important as magnesium.
The observations on the effect of sulphate clearly show that growing yeast is able to utilize sulphate and presumably convert it into protein (probably cystine) sulphur. The quantitative studies on the loss of sulphate from a sulphate medium confirm the same general conclusions as to the utilization of sulphate in yeast growth.
The studies with cystine again confirm the slight stimulating effect thereof when in the lower concentrations, but that one can soon observe an inhibiting effect when the concentration is increased beyond say five to ten milligrams per 125 cc. of medium. This inhibiting effect is observed much more readily when sulphate also is present in the medium. In a sulphatefree medium an otherwise minimal inhibiting concentration of cystine is still stimulating. So also the stimulating effect of cystine is much more marked in a medium containing asparagine than in one free therefrom. In no case, however, could cystine sulphur be satisfactorily substituted for sulphate sulphur. An amount of cystine, equivalent in sulphur content to a good concentration of sulphate as magnesium sulphate or ammonium sulphate, is toxic in any case. Thus ten milligrams of cystine contain 3.6 milligrams of sulphur whereas 6.4 milligrams of sulphur as sulphate is a very favorable concentration. The observations on cysteine lead to the same general conclusions.
Hydrogen sulphide can also be drawn upon for yeast growth in the absence of sulphate, but one soon reaches a toxic concentration which is far below the sulphur content of a desirable sulphate concentration. Whether the sulphide itself is exceedingly toxic and only that part of it which has become oxidized in the medium is utilized by the yeast, or whether a trace of the sulphide is the real intermediate form between sulphate and yeast tissue sulphur is not determined. Here again an extremely low concentration of hydrogen sulphide (0.00216 milligram H2S per 125 cc.) is toxic to yeast growth when sulphate is added to the medium, but when the sulphate has not been added it requires ten times the concentration of hydrogen sulphide before a toxic effect is observed. However, even then the stimulating effect is very slight indeed. The action of hydrogen sulphide is very similar to that of cystine, but it is very much more toxic. Possibly cystine itself is harmless, but hydrogen sulphide liberated from it in traces may be the real reason for the apparent toxicity of cystine.
Apparently the yeast is able to protect itself against cystine to some extent by oxidizing the sulphur in cystine to the sulphate form. This is shown in 
